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ABSTRACT 



The invention concerns a system implementing a wireless 
subscriber connection and comprising base stations and 
wireless terminals. The terminal contains functions which 
may be used for testing the terminal, the subscriber terminal 
equipment and the connection between them in response to 
a message which is received via a radio path and which starts 
the test functions, and which transmit the test results to a 
radio link. The terminal contains a subscriber line interface 
circuit (SLIC) with which the subscriber terminal equipment 
may be connected to the terminal. A connecting line may be 
used for connecting. Means for generating an alternating 
voltage may be connected in parallel with the input of the 
subscriber line interface circuit (SLIC) and the connecting 
line. A table is stored in the terminaPs memory containing 
function specifications, and in response to the message 
starting the test functions the terminal searches the table for 
the function specification and performs the test tasks accord- 
ing to the specification. The tasks also comprise loop mea- 
surements. 

7 Claims, 6 Drawing Sheets 




05/13/2004, EAST Version: 1.4.1 



U.S. Patent Jan. 2, 2001 Sheet 1 of 6 US 6,169,883 Bl 



TELEPHONE I 

hook subscriber line 

±^r4^ -H 





RINGING CIRCUIT ' 
I 



10^ 



Fig. 1 




TO OTHER SUBSCRIBER 
LINE CIRCUITS 




Fig. 3 



05/13/2004, EAST Version: 1.4.1 



U.S. Patent Jan. 2, 2001 Sheet 2 of 6 US 6,169,883 Bl 



LOCAL 
EXCHANGE 



TRUNK LINE 









r PSTN 


2 W-ANALOG 


■ BBS 






WLL 

2 Mbit/s 
V2 0R V5.1 




MULTI- 
PLEXER 





2 Mbit/s 



SUBSCRIBER 
NETWORK 
ELEMENT 





05/13/2004, EAST Version: 1.4.1 



U.S. Patent Jan. 2, 2001 Sheet 3 of 6 



US 6,169,883 Bl 



SUBSCRIBER 
LINE 



\ 



-A- 



i \ 

! I 



XT 



B 



31 | "0 



32 



33 



B 



45 




WLL-TERMINAL 



Fig. 4 



SLIC 







~\ 


OUT 


PCM- 




DSP 




CODEC 





43- 



MCU 




TABLE 






function 






function 






Tunction 






function 












function 






05/13/2004, EAST Version: 1.4.1 



U.S. Patent Jan. 2, 2001 Sheet 4 of 6 US 6,169,883 Bl 



62 



61, 




WLL-TERMINAL 



I 



63 



power 


control 




STANDBY 








LOGIC 




CHARGER 


BATTERY 





64 



^ AC 



62 



61, 



Fig. 6 




WLL-TERMINAL 



LOGIC 



power 



STANDBY 
BATTERY 



63 



CHARGER 

7 



l= 



^ AC 



64 



Fig. 7 



05/13/2004, EAST Version: 1.4.1 



U.S. Patent Jan. 2, 2001 Sheet 5 of 6 



US 6,169,883 Bl 



- -START —) 




RECEIVE 
(SMS-MESSAGE) 

♦ 



SEEK CALLED FUNCTION 
FROM TABLE 



I 



CARRY OUT FUNCTION 



RETURN THE VALUE 
OBTAINED FROM 
MEASUREMENTS 



I 



FORM A MESSAGE 
WITH THE VALUE AND 
TRANSMIT THE MESSAGE 




END 



Fig. 8 



CHANNEL 
NUMBER 


PREFIX 


TRAFFIC 

AREA 

NUMBER 


TELEPHONE 
INDENTIFIER 


INFORMATION 



3 digit 



3 digit 



7 digit 



3 digit 



Fig. 9 A 



CHANNEL 


PREFIX 


TELEPHONE 


INFORMATION 


NUMBER 


INDENTIFIER 


3 digit 


1 digit 


7 digit 


5 digit 



Fig. 9 B 



05/13/2004, EAST Version: 1.4.1 



U.S. Patent Jan. 2, 2001 Sheet 6 of 6 US 6,169,883 Bl 




05/13/2004, east Version: 1.4.1 



US 6,169,883 Bl 

1 2 

REMOTE TEST OF A SUBSCRIBER disconnecting the subscriber line from the SUC input with 

CONNECTION IN A SYSTEM a relay, the measuring device is able to measure the sub- 

IMPLEMENTING A WIRELESS scriberJoop _resistance_using_dkect_voltage,_Jwhereby_a_ 

SUBSCRIBER CONNECTION possible short-circuit is detected, and to measure the capaci- 

5 tance using alternating voltage, thus finding out the condi- 

FIELD OF THE INVENTION tion of the telephone's ringing circuit. Often the loop's 

m . . . # j* . A , resistance to earth is also measured to find out possible earth 

Ibis invention concerns testing of a subscriber connection faults Jt should be noted ^ b usi ■ t Qnc m6asuri 

in a system implementing a wireless subscriber connection device j, fe possible ^ ^ exchange , 0 per f on n loop 

and comprising base stations and wireless terminals to m6asU rements of a great number of subscriber connections, 

which a subscriber terminal equipment is connected and fa & Qetwotk ^ installation of sub . 

wherein a part of the subscriber connection is formed by scriber , ines between ^ excfa and ^ subscriber ter . 

radio hnk between the terminal equipment and the base mjnal equipmeilts ^ both a considerable cost item and a 

station. work demanding much time. Especially in a region with 

BACKGROUND OF THE INVENTION 15 scarce population the costs for the individual connection 

may become big. One solution for bringing down costs is by 

In fixed telephone networks the subscriber line network is replacing the fixed subscriber loop between exchange and 
formed so that twin cables from several subscriber terminal subscriber terminal equipment for radio link. Hereby the 
equipments are taken into a crossbar switch, cables from subscriber terminal equipment in the fixed network is con- 
several crossbar switches are combined in another crossbar ^ nected to a terminal unit containing a radio transmitter/ 
switch and a cable from this is taken to an exchange. The receiver and converting the audio -frequency signal of the 
signalling interface facing the subscriber lines of the subscriber terminal equipment into a radio -frequency signal 
exchange is standardized and is either a connection of 2-wire and transmitting it by radio to the base station and, 
analog subscriber lines, a multiplexer interface in accor- correspondingly, converting the received radio -frequency 
dance with the CCITT V2 recommendation or a message- signal int0 an audio-frequency signal which the subscriber 
based multiplexer interface in accordance with the ETSI terminal equipment will understand. 
V5.1 recommendation. Subscriber lines are a big cost item [n a sohsJljDn of ^ y^ d ^ radio system may be a pure 
both in the building of the network and in its maintenance. ^ Qr digital cellular syslem> wherein the terminal ^ 
The condition of subscriber lines must be monitored con- are communicating ^ lhe base station, or it may be a 
stantly by performing automatic loop measurements. In all 3q modified celhllar system from which some ne twork ele- 
exchanges, whether the exchange is a local one or a PBX ments ha ' ve been removed and some mnctioas havc been 
exchange, each subsenber line is connected to the exchange simplified. In the present application this solution is called 
by way of the SLIC (Subsenber Line Interface Circuit). The \y*LL or Wireless Local Loop System. 
SLIC circuit Performs the so-called BORSHT functions, ^ WLL stem be mwtaotiM {n such a ^at 
which are Battery Feed Overyoltage Protection, Ringing 35 > Qf sQme ^ tem * lied . 
Supervision Hybrid and Test. There is a good commercial Amobile one m fof ex m 
supply of integrated SLIC circuits. ^ of TAC £ of a GSM sy&tem Hereby? ^ 

FIG. 1 illustrates a known arrangement for testing the s i gna i ling of the WLL system is in accordance with the 

condition oi a subsriber line. The typical telephone in a fixed system in question, base stations are standard base stations 

network can be represented by terminating resistor Rl for 4Q of thc systcm ^ question and t he radio unit of the terminal 

the purpose of loop measurements and by a ringing circuit ^ similar to the radio unit of a mobile station or the terminal 

formed by capacitance C and resistor R. may be the mobile station m a mobile telephone system. The 

In impedance measurement performed with direct voltage important component of the WLL system is the subscriber 

the exchange sees the telephone as a very high impedance in network element which connects subscribers to a local 

an on-hook state. This is due to the ringing circuit capaci- 45 exchange meeting the standards. In a pure cellular system it 

tance. When the hook is off, the ringing circuit does not ^ a mobile switching center and in an applied system it is a 

affect, whereby the telephone is seen as a low resistance. In network element to be described later. The subscriber net- 

the SLIC circuit there is a loop identification based on a wor k element changes the signalling of the WLL network, 

comparison of the subscriber line's current consumption f or example, NMT or GSM signalling, into signalling suit- 

with the limit value. This function finds out the on-hook or 50 able for the fixed network (for example, PSTN) and, 

off-hook state. correspondingly, it adapts the signalling of the fixed network 

For measurements at audio frequency the impedance of to the WLL network interface, 

the line telephone and the SLIC impedance are clearly FIG. 2 shows a principle of the WLL system. A wireless 

defined in standards. In most countries 600 W is defined as fixed terminal T comprises a radio unit with an aerial and a 

the terminal impedance for the telephone's audio range in 55 telephone adaptor 4 connecting a standard subscriber terrni- 

the off-hook state, even if differences exist between coun- nal equipment 5 to the terminal. The subscriber terminal 

tries. Depending on the frequency, the audio range imped- equipment may be an ordinary telephone set, a telefax or a 

ance in the on-hook state is in the magnitude of 1 .5 kOhm. modem. It is connected to the terminal by pushing a standard 

Thus, in FIG. 1 terminal resistance Rl, depending on the connecting plug into the terminal's adaptor connection. The 

situation, is a direct voltage impedance or an alternating 60 user uses subscriber terminal equipment 5 as in an ordinary 

voltage impedance with the hook off. fixed network, although a main part of the subscriber line 

The telephone is connected to the exchange with a sub- connection is formed by the radio link between terminal T 

scriber line, which is usually a twin cable AB. Directed by and base station 2 or 3. The subscriber terminal equipment 

a special relay 10, subscriber line AB is branched before the and the terminal may be combined to form a single physical 

SLIC circuit in the exchange to measuring device 12, which 65 device 6, for example, as a mobile station used in that system 

measures the subscriber loop resistance and capacitance. Of on which the WLL system is based. Each base station may 

the SLIC circuit only the receiver circuit is shown. By serve numerous subscriber terminal equipments. The base 
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stations are connected to a special subscriber network ele- suitable for a system of the WLL type which automatically 

ment 1 which for its part is connected to a standard tele- performs programmed tests on the terminal. Physically 

phone exchange. connected to the^ terminal, the testing a^vice_monitors_the 

- The- terminal receives its "power supply either directly operation "of "the terminal and the radio unit, adaptor and 

from the power supply mains, if one is available at the s power supply and checks whether their operation is correct, 

terminal's place of location, or from a battery. In the former When connected to the adaptor it simulates functions of the 

case a standby battery is also used and a charger then keeps subscriber terminal equipment (telephone, modem, fax) con- 

the standby battery charged. In case of power failure the eluding from responses of the adaptor whether the adaptor is 

terminal will have its power supply from the battery and will working as it should. It should be mentioned as regards 

thus be able to continue its operation. 1Q simulation that the testing device generates an off-hook 

Network element 1 is connected to a local exchange with signal for the adaptor and checks whether the adaptor 

a multiplexer connection using an open 2 Mbit/s PCM responds with a dialling tone. It directs the ringing tone 

system of the V2 or V5.1 type. If the local exchange supports generated by the adaptor to the terminal, then generates an 

a 2-wire connection only, the network element is connected off-hook signal and checks whether the adaptor turns off the 

to the exchange by converting the V2 signalling into an ^ tQne in response l0 lhe 0 ff-hook signal. The testing 

analog 2-wire subscriber connection interface. Signalling deyice tQ fl tra nsmitter/receiver and command 

between the network element and the base stations con- ft an caU tQ ^ qwq Q . Q othef 

nected to it is the signalling of the applied mobile telephone r , „ \ t r . , t > 4 it u u ,l 

network, however, modified in such a way that functions ™ ds ' l ? c f ^ k ? t / ' I 

typical of the cellular network, such as cell handover and * evic * checks whether the transmitter/receiver generates a 

roaming, are left out. Thus, the subscriber must stay in the 20 busy tone in response to the call. 

coverage area of his named base station: Routing of incom- The prior art testing device has some drawbacks. Firstly, 

ing and outgoing calls is based on the subscriber file of the die network operator can not start a lest sequence by remote 

network element. The operation of the network element is control nor receive test results concerning the terminal's 

similar to the operation of a concentrator: a call is routed operation, but the test takes place locally either automati- 

from the subscriber connection to the exchange while analy- 25 cally or started by the user. It notifies the party ordering the 

sis of numbers, calculation and other functions are per- connection of the test results, for example, by indicator 

formed in the exchange. lights. Secondly, the testing device does no test at all on the 

In accordance with the above, a WLL network may be operation of the terminal and of the subscriber line connect- 

based on the known GSM system. GSM is a digital cellular ing this to the subscriber terminal equipment, nor this way 

system based on time division multiple access wherein a 30 the operation of the subscriber terminal equipment, so when 

traffic channel TCH is always allocated together with a a fault occurs in the subscriber tine or in the subscriber 

SACCH (Slow Associated Control Channel) connected to it. terminal equipment, the user must call for a service man. 

The mobile station must measure the power of the received This is unnecessary, for example, if the telephone plug is not 

signal, signal strength of BCCH carriers of neighbour base pushed well into the adaptor. Thirdly, the operator may need 

stations, and it must calculate the bit error ratio describing 35 to perform loop measurements on the subscriber line, as is 

the quality of the received signal. It must report measure- done also on the fixed network, but this is not possible in the 

ment results in accordance with the GSM recommendation WLL system, because a part of the subscriber line is radio 

no less than once a second on the above-mentioned SACCH link. Should the known method shown in FIG. 1 be applied, 

(Slow Associated Control Channel). If the SACCH channel this would mean that every WLL terminal ought to have its 

is used only for the purpose of reporting, the mobile station 40 0 wn resistance/capacitance meter. This would be economi- 

may report measurement results twice a second. In a WLL cally expensive and yet there are no means of passing on 

application the terminal may perform the same measure- measurement data to the operator. Fourthly, it is not possible 

ments as the mobile station, although measurements relating with the testing device to test the condition of the terminal's 

to handover are unnecessary. standby battery. 

it is true that the WLL system is able from the measure- 45 Thus, it is an objective of the present invention to bring 
ment results transmitted by the terminal in some degree to about a method of testing the operation of both the terminal 
conclude whether there are errors in the terminal's opera- and its standby battery and the condition of the subscriber 
tion. If no results are received, then it is of course obvious ii Qe and subscriber terminal equipment and where the test 
that the terminal is not operating. But the system will not ma y be started by radio from the network and the test results 
know whether there are disturbances in ringing, in the 50 passed on by radio to the network. A connection implement- 
passing on of DTMF signals, in responses to on-hook and mg the method is another objective, 
off-hook signals of the subscriber terminal equipment etc. In xh e established objectives are achieved through solutions 
addition, the system is not able to find out if there are faults defined in the independent claims. 

in the operation of the subscriber terminal equipment. The m m 

subscriber terminal equipment, which may be a conven- ss BRIEF SUMMARY OF THE INVENTION 

tional fixed network telephone, may be short-circuited, its According to the invention, a connection arrangement is 

hook is left off, the plug is not connected to the terminal etc. contained in a WLL terminal to receive from the network a 

Nor has the system any means for finding out whether the test message transmitted to it by using a suitable protocol, to 

terminal's standby battery is okay and whether the battery perform diagnosing functions stated in the message and to 

charger is operating as it should. In some cases the 60 transmit the results to the network using a suitable protocol, 

subscriber, without the operator knowing, may use batteries Diagnosing functions include a terminal test which may 

of a wrong type which may cause disturbances in the contain tests of the same type as those performed in a prior 

terminal's operation. The subscriber makes an error report to art arrangement, such as on-hook/off-hook measurements 

the operator who must then find out the cause of the trouble, and signal level measurements. In particular, diagnosing 

which is simple as such. 65 functions include loop measurements of the subscriber loop 

The international patent application WO 94/22255, appli- and a function checking the condition of the terminal's 

cant Telular International, Inc., describes a testing device standby battery. 
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To carry out loop measurement the connection arrange- 
ment contains a SLIC circuit, which is used to perform the 
subscriber connection, that js, the twin cable from the 
subscriber terminal equipment is brought to this circuit. In 
parallel with the 2-wire input of the SUC circuit and with 5 
the subscriber line a series connection is located which 
comprises a signal generator and a resistance. The resistance 
value is approximately the same as the input impedance of 
the SLIC circuit. The signal generator supplies an alternating 
voltage to the subscriber line, which depending on the 3Q 
purpose of measurement is either of a low frequency or of 
a high frequency. The state of the subscriber loop determines 
the effect of the supplied signal in the SLIC input and, 
correspondingly, in its output. Results of low and high 
frequency measurements are compared with each other and ^ 
it is easy to find out from these results if there is a 
short-circuit in the subscriber line, if the line has broken, if 
the telephone is off-hook and if the telephone's ringing 
circuit is faulty. 

The SLIC circuit itself contains a loop identification based 2Q 
on a comparison of the subscriber line's current consump- 
tion with a limit value. This function finds out whether the 
hook is off or on. Digital terminals already use a signal 
processor to which an A/D converter, usually a PCM codec, 
is connected which for its part is connected to the SLIC 25 
output. The signal processor may be given the task to 
perform necessary calculations. A separate calculation cir- 
cuit may be used in analog terminals. 

For finding out the condition of the standby battery, such 
a logic unit is added to the terminal or to its power supply 30 
unit, which performs a battery condition test in response to 
a message from the network which starts the test. The test 
includes at least a battery load test. The terminal then forms 
a message wherein information on the battery condition is 
transmitted to the network. 35 

For sending messages starting the test from the network to 
the terminal and, correspondingly, for sending reports from 
the terminal to the network, the cellular network's existing 
protocol is used, if at all possible. An analog NMT network 
uses certain frames defined in the specifications. A digital 40 
network uses a SMS protocol (Short Message Service) or 
any transmission protocol developed on a SMS basis. The 
test may be started by some network element, such as, for 
example, a remote operation center or a subscriber network 
element, but a base station may also start the test and analyze 45 
the results. Another applicable protocol used in a digital 
cellular network is called Unstructured Supplementary Ser- 
vice Data (USSD). This protocol has been proposed by 
European Telecommunication Standards Institute (ETSI) in 
the specification ETS 300 625, January 1995. Both a mobile 50 
station and the network are able to form, send and receive 
unstructured strings. After the mobile station has received 
the string, it realises operations instructed by the network, 
forms a new string including results and send the string to 
the network. 55 

After the terminal has received the test message it 
searches that function specification from a stored table to 
which there is a reference in the message and performs the 
tasks defined in the specification. Upon completion of the 
task and calculation of the results the terminal forms a 60 
message according to the protocol and transmits it to the 
network. 

Test functions of the terminal may be started as required 
either with regular repetition, at a certain time only, such as 
in the night, and concerning some terminals only, or con- 65 
cerning all terminals. A test instruction may concern an 
individual measurement or a whole series of measurements. 
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UST OF FIGURES 

The invention is described more closely in the following 
with references to the enclosed schematic Figures, of which" 
FIG. 1 shows the known principle of loop measurement, 
FIG. 2 shows a WLL system, 

FIG. 3 is a simplified view of a connection according to 
the invention, 

FIG. 4 shows a practical embodiment of the connection, 

FIG. 5 shows a connection according to the invention in 
a digital terminal, 

FIG. 6 depicts a first arrangement for testing a terminal's 
standby battery, and 

FIG. 7 depicts another arrangement for testing a termi- 
nal's standby battery, 

FIG. 8 is a flow diagram of functions performed by a 
terminal, 

FIGS. 9A and 9B show frames suitable for message 
transmission in an analog cellular network, and 

FIG. 10 shows a digital cellular network supplemented 
with elements according to the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

FIG. 3 shows a connection arrangement in a WLL termi- 
nal which allows loop measurements. The markings in the 
Figure correspond with the markings in FIG. 1 in applicable 
parts. An essential difference as regards the subscriber line 
is that the subscriber line in FIG. 1 running from the 
telephone to the exchange is long, even tens of kilometers, 
whereas in the WLL case in the figure the length of the 
subscriber line, that is, the fine running from the subscriber 
terminal equipment to the terminal, is short, typically only a 
few meters, and that the subscriber connection thereafter is 
a radio link. 

Only circuits essential to the invention are shown in the 
WLL terminal demarked by a broken line. They comprise a 
commercial SLIC circuit intended for telephone exchanges 
and available from several suppliers, and alternating voltage 
generator 31, switch 32 and resistance 33. The SLIC input 
is formed by wires A and B of the twin cable which is the 
subscriber line. A series connection of alternating voltage 
generator 31, controlled switch 32 and resistance 33 is 
connected between the input poles of the circuit. The resis- 
tance value of resistance 33 is equal to that of the SUC input 
impedance Rl, which for its part is approximately equal to 
the terminal impedance of the subscriber terminal equip- 
ment's audio range, that is, the impedance measured at low 
frequencies (also reference number Rl) in an off-hook state. 
When the subscriber line's plug is pushed into the adaptor 
socket of the terminal, both the subscriber loop, the alter- 
nating voltage generator and the SLIC circuit are connected 
and fitted in parallel as seen from the connecting point. 

It was noted in connection with the prior art description 
that commercial SLIC circuits as such contain loop identi- 
fication based on a comparison of the subscriber fine's 
current consumption with a limit value which can be set. 
This function allows identification of the telephone's hook 
state, that is, whether it is on-hook or off-hook. The method 
in accordance with the invention also allows separation from 
one another of 

the states a) off-hook telephone (that is, mere is a call in 
progress, the hook has been forgotten on the table or is 
badly replaced) and b) a short-circuit in the subscriber 
line 
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and the states c) subscriber line off (that is, the line is 
really off or broken or the telephone's ringing circuit is 
faulty or broken) and d) the hook is on and the ringing 
circuit can be seen (that is, all" is okay). 

These states can be identified just by feeding alternating 
voltages of different frequencies to the subscriber line from 
a separate signal generator. The states can be concluded by 
comparing with each other at different frequencies signal 
levels obtained from the output of the SLIC amplifier. 
Concluding may be done in several ways of which an 
advantageous one will be presented hereinafter. 

When no loop measurements are done, switch 32 is open 
and the SLIC circuit is in a passive state. When the terminal 
receives from the network a message prompting loop 
measurement, switch 32 is closed and alternating voltage 
generator 32 is activated. 

Several different frequencies may be formed with the 
generator and their effect is illustrated below with the aid of 
Table 1. 

TABLE 1 



Generator 


SLIC output 






frequency 


level 


Hook 


Conclusion 


A(f) 


0 


off/on 


short-circuit 


A(f) 




oA7on 


subscriber line off or loose 


A(f) > ringing 


reducing 


on 


ringing circuit OK 


circuit cutoff 








frequency 








A(f) > ringing 


does not 


on 


fault in ringing circuit 


circuit cutoff 


change 






frequency 








A(fj < ringing 


minimum value 


off/on 


DC impedances are 


circuit limiting 






received 


frequency 








A(fJ > ringing 


default values 


off/on 


audio range impedances 


circuit cutoff 






are received 


frequency 









When the generator supplies any frequency A(f), wherein 
A is the amplitude and f the frequency, and the SLIC output 
level is 0, it is known that the subscriber line is in short- 
circuit. This is so because as seen from the terminal the 
resistance between wires A and B is zero or a few ohms, so 
this short-circuits the generator branch, and for this reason 
no signal is obtained from the SLIC receiver output. This is 
the case whether the hook is off or on. 

When the generator supplies any frequency A(f) and the 
SLIC output level is VfcA, it is known that the subscriber line 
is off or loose. This is so because since the impedance 
towards the subscriber line is infinite, the voltage given by 
the generator is divided equally between generator resis- 
tance 33 and the SLIC input resistance Rl (the resistances 
are equal). Such a voltage is thus received from the SLIC 
output whose amplitude is exactly one-half of amplitude A 
of the voltage of generator 31. This is the case whether the 
hook is off or on. The frequency given by the generator has 
no significance in this case either. 

The frequency is of significance when the subscriber line 
is okay and when the operation of the telephone's ringing 
circuit, the telephone's direct voltage resistance and audio 
range impedances are examined. The cutoff frequency of the 
telephone's ringing circuit, which is shown as a RC series 
connection in FIG. 3, is in the range 0.5 ... 1 kHz. When 
the frequency of the alternating voltage supplied by genera- 
tor 31 is increased above this, that is, A(f)>cutoff frequency 
of the ringing circuit, and A(f) is, for example, an alternating 
voltage of 4 kHz, capacitor C of the ringing circuit repre- 
sents only a low resistance, so the subscriber line impedance 
is reduced, leading to a reduction of the SLIC input voltage 



and so also of the output voltage. It can be concluded from 
this that the ringing circuit is in order. The on-hook state is 

known. 

If in the previous measurement, wherein A(f)>cutoff 
frequency of the ringing circuit, the SLIC output level is not 
changed, the conclusion will be that the ringing circuit is 
faulty. 

When the generator frequency is reduced below the cutoff 
frequency of the ringing circuit, that is, A(f)<cutoff fre- 
quency of the ringing circuit, and A(f) is, for example, an 
alternating voltage of 50 Hz, it is possible to conclude direct 
current impedances corresponding to the hook state. If the 
hook is on, the SLIC input sees the subscriber line DC 
impedance as high and if the hook is off, whereby the ringing 
circuit has no effect, the SLIC circuit sees the value of the 
telephone terminal impedance Rl. 

By having the generator supply the frequency A(f)>cutoff 
frequency of the ringing circuit one finds out whether the 
audio range impedances are such as they should be. 
20 When the SLIC circuit is connected to a PCM codec, it 
could be thought that the codec's signal generator would be 
used whose signal is available out from the circuit through 
the SLIC's internal supply amplifier. However, it can not be 
used as a signal generator 31 in accordance with the 
invention, because the hybrid function of the SLIC circuit 
prevents the codec's signal from being heard in the receiver 
branch, if no phase difference is brought about between the 
sent signal and the received signal. A phase difference may 
result naturally when using the SLIC circuit in the traditional 
manner in the telephone exchange of a fixed network, 
whereby the subscriber line is often long enough and the sent 
signal is reflected back from the subscriber terminal equip- 
ment end. In the WLL case, the subscriber fine is far too 
short for any phase difference to be produced. 

The loop measurement connection of FIG. 3 is preferably 
implemented in accordance with FIG. 4. According to FIG. 
4, a measurement signal is brought by way of switch 46, 
capacitor 42, which attends to the DC difference, and 
resistance 41 to one wire A of the twin cable. For the time 
the measurement takes place the other cable branch is 
connected with switch 45 to the circuit's earth from the 
viewpoint of alternating voltage through capacitor 44 attend- 
ing to the DC difference and through resistance 43. The 
capacitors are needed to keep the functioning point of the 
SLIC input amplifier in a linear range and they must be 
dimensioned so that they do not affect the measurement 
result when lower measurement frequencies are used. A 
square wave in a voltage range of 0 V-5 V and available 
from the PWM gate of a microprocessor located in the 
terminal is used as signal generator. Since the signal also 
contains high frequencies besides a low basic frequency, 
these frequencies must be filtered by a low pass filter. 
Filtration can be done easily when implementing the mea- 
surement algorithms with a signal processor even otherwise 
included in the terminal. 

Switches 45 and 46 can be implemented with BJT tran- 
sistors or FETs. As can be noticed, implementation of the 
measurement function requires only a few resistances and 
capacitors as well as a couple of switch transistors, but since 
60 the switches are in the measurement circuit and they are DC 
separated from the subscriber line, the implementation is 
cheap and simple. 

FIG. 5 shows a principle view of a digital WLL terminal, 
wherein blocks essential to the invention are shown besides 
65 the already described SLIC circuit and the connection 31, 
32, 33 generating an alternating voltage to the subscriber 
loop. The adaptor part of the terminal already has a PCM 
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codec 41 converting the PCM vocal signal from the network 
into an analog signal and, correspondingly, the analog signal 
from the subscriber terminal equipment into a PCNlcoded 
~ signaTfor fiirtherlransmission on the radio way. The PCM 
block here contains both A/D and D/A converters. Baseband 5 
signal processing is performed in signal processor DSP, 42, 
which forms transmission frames from a bit stream produced 
by the PCM block from an analog signal arriving from the 
subscriber terminal equipment. The transmission frames are 
channel coded and a RF unit 44 transmits transmission 10 
frames to the base station. The function is similar when the 
transmission frames are sent by the base station and received 
by the terminal. 

Operations are controlled by the terminal's MCU (Main 
Controller Unit) 43 which contains a microprocessor and the 15 
necessary software. All this is evident to a professional in the 
field. 

According to the invention, the operator transmits such 
messages to the terminal which contain a prompt to do a 
certain measurement function. In the figure this is illustrated 20 
by a "measurement message" box. Correspondingly, the 
terminal after having performed the measurements sends a 
measurement report message to the operator which in the 
figure is illustrated by a "result" message. Depending on the 
WLL application network the standard message of the 
network or some other suitable communication mechanism 25 
is always used when possible. 

Messages arriving through the network may also contain 
an instruction to perform a test of the condition of standby 
batteries. Standby batteries are used to ensure the electric 
power supply for the terminal in case of a failure in the 30 
supplying electric power mains. If there is no electric power 
mains, the batteries function as the primary power source. 
However, the advantage given by standby batteries will not 
be achieved if the standby batteries are charged too low for 
some reason. By adding a battery condition test to the 35 
remote test functions the operator may inform the subscriber 
in good time about insufficiently charged batteries and the 
subscriber may then take the necessary steps in time. 

FIGS. 6 and 7 show an arrangement for testing batteries. 
For the test a logic unit 63 is required which controlled by 4Q 
the terminal performs the function specified by the measure- 
ment message, that is, the battery test. The logic unit may be 
located in the standby battery unit as in FIG. 6 or it may be 
located as a part of the WLL terminal as in FIG. 7. The 
following tasks are assigned to the logic unit: 

to turn on and off the charger's charging current to the 
battery, 

to connect a test load to the battery voltage, 
to read the battery voltage and 

possibly, to examine the battery size and manufacturer. 50 
When the measurement message contains a message to 
perform a standby battery condition test, a battery load test 
is performed. The main control unit controls the MCU logic 
component 63 to turn off the supply current of charger 64 
from the batteries. The battery voltage is then read through 5S 
the control line. Since the battery voltage is an analog 
quantity, one of the MCU's A/D lines must be used for this 
purpose. After reading the battery voltage the logic unit 
connects a test load between the battery poles, discharges the 
batteries to the test load for a predetermined time and again 
reads the battery voltage after this time has passed. Thus 60 
information has been received on the initial battery voltage, 
discharge current and voltage after the discharge time. This 
information is put into the results message and transmitted 
into the network. Before the transmission the terminal may 
perform initial processing of the results. By analyzing the 65 
results the network generates a warning or alarm message as 
required which is passed on to the terminal. 
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The battery size and manufacturer may also be examined. 
This is done by using some known method, such as by 
examining that resistance located in the battery whichjndi- 
cates the - battery~ size~and manufacturer. The MCU's A/D 
line is used also for this purpose. 

It is also possible to examine the battery condition without 
using a separate logic unit, whereby the check is performed 
only when the charger loses its supply power. When the 
terminal finds that the charger gives no current, whereby the 
terminal is dependent on power supply from the battery, it 
measures for a certain time the voltage drop of the battery 
over that time. It transmits the results to the network either 
after or without preliminary processing. 

This method has the advantage that no separate logic unit 
is required to disconnect the charger from the battery and to 
reconnect it, nor to connect a separate test load to the battery 
poles. 

FIG. 8 shows a block diagram of the steps taken by the 
terminal after it has received a measurement message. The 
functions start after the terminal has received a message by 
radio containing a prompt to perform a measurement and 
information about which measurement functions it must 
perform. The terminal then seeks a specification of mea- 
surement functions from a table stored in the memory, FIG. 
5. Each specification is a certain instruction set which is 
carried out under processor control. The measurements may 
be loop measurements and measurements relating to the 
terminal adaptor and/or to the operation of the radio unit. 
After the measurements have been performed and the mea- 
surement values obtained, the terminal forms a message in 
accordance with the system including measurement values 
and, if required, also information about where the measure- 
ments were performed. The information may be a reference 
to some identifier in the received measurement message. The 
terminal then assumes its idle state. Measurement messages 
can be received and results messages sent also when the user 
has a traffic connection with the network, that is, during a 
call, while a fax is being sent etc. 

If the system is an analog NMT-900 cellular system, the 
message starting the measurement function can be sent with 
the frame la defined in item 4.3.2.1 of NMT specification 
NMT DOC 900-1 of January 1995 (calling channel 
indication, general), la' (calling channel indication for MS 
group A), la" (calling channel indication for MS group B) 
or lb (combined calling and traffic channel indication). 

FIG. 9A shows the general shape of the fields of frames 
to be sent in a downlink direction. After the fields for 
channel number, prefix, traffic area number and telephone 
identifier there is a field reserved for data of 3 digits 
(hexadecimal characters), that is, of 12 bits. In frames la and 
lb the information field and the telephone identifier field 
together form a field reserved for additional information, 
whereby a field for ten numbers (digits) is obtained. On 
certain conditions the telephone identifier field may also be 
used in frames la' and la" for additional information. In 
these standard frames at least the bits of the information field 
may be used for defining the measurement task. With twelve 
bits, a total of 2 12 different tasks can be defined, which is 
enough. One number is sufficient to tell that the task is a 
measurement task to be performed by the terminal, whereby 
2 8 -256 alternatives still remain for defining the task. 

Having received the message the terminal searches the 
table in its memory for the definition of a function corre- 
sponding to the bit pattern, performs the function and 
transmits the results to the network. They can be sent in a 
standard according to FIG. 9B in a frame structure of the 
uplink direction especially in the frames defined in items 
10a (call acknowledgment from MS on calling channel and 
accesses on access channel, shortened frame) and 10a* (call 
acknowledgment from MS on the alternative type of call on 
combined CC/TC, shortened frame) of the specification. 
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Their 5-digit information field (20 bits) is sufficient for 
identifying all possible measurement results and measure- 
ment tasks. Such a procedure is possible that in the message 
1 digit identifies "the performed "measurement task and the 
remaining four digits are used for telling the measurement 
results. Four digits means 16 bits, which is a sufficient 
number for stating the results. 

The above description of how to use frames is only meant 
to be suggestive and to illustrate that a frame structure in 
accordance with the NMT-900 standard as such allows 
relaying of measurement task messages and measurement 
report messages in an analog cellular network. 

In a WLL system based on a digital cellular system it is 
advantageous to use SMS (Short Message Service) of the 
system or a protocol built on SMS for sending the message 
starting the measurement function. The short message ser- 
vice of the GSM cellular system is defined e.g. in standard 
ETS 300 502. 

A short message may be of a point-to-point type, whereby 
it is possible to distinguish between SMS-MT/PP (Mobile 
Terminating Short Message Service, Point-to-Point) and 
SMS-MO/PP (Mobile Originating Short Message Service, 
Point-to-Point). In addition, the network may send short 
messages of the broadcast type, SMS-CB (Cell Broadcast 
Short Message Service). The maximum length of a short 
message is 140 bytes or 160 ASCII characters of 7 bits each. 
The cellular network has a special SMSC (Short Message 
Service Center) storing, buffering and routing messages 
forward. In practice, SMSC is a work station. When a short 
message is sent either from a PSTN network or from a 
mobile station, it is always sent to a service center which 
then sends it further. Thus all short messages pass through 
the SMSC. When a short message terminates in a mobile 
station, the GSM standard also allows the receiver's reply/ 
acknowledgment in the short message, which reply is 
relayed further by SMSC to the sender. 

FIG. 10 shows a WLL system based on a GSM/DCS 
cellular system. Those elements in the cellular system are 
shown which are used in transmission of measurement 
messages and measurement result messages according to the 
invention. It should be noted that almost all elements already 
exist in the present cellular network. Elements relating to the 
present cellular system are located inside the broken line. 
Such elements are the mobile switching center 81, through 
which the cellular network is connected with the PSTN/ 
ISDN network, the cellular network's OMC (Operation & 
Maintenance Center), which is e.g. a work station running 
the network's management software. A printout unit 86 is 
connected to the work station. In addition, the network 
contains a SMSC (Short Message Service Center) 87, in 
practice a work station with software, and base station 
controllers 82 and base stations 83, 84. 

Besides the existing elements, the arrangement in accor- 
dance with the invention needs a network item indicated by 
reference number 88, that is, a ROC (Remote Operation 
Center), which may be a work station or in small WLL 
networks an ordinary PC in general use running the man- 
agement software for the WLL terminals. It is connected to 
a printout unit 89 for printing out reports on paper. It is 
possible to integrate ROC with OMC or they may be 
separate as in the figure. 

ROC 88 forms measurement task messages containing 
task definitions and the address of the WLL terminal or 
terminals which are the object and sending the short mes- 
sage to service center 87, which in a known manner routes 
the short messages to their destination. ROC forms, for 
example, a message concerning a measurement task for 
WLL terminal 810. The message starts from ROC with a 
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standard SMS protocol and goes to short message service 
center 87, which routes it to mobile switching center 81 and 
by_way ofbase station controller 82 to the base.station.84 in 
the location area of which terminal 810 is located. The base 

5 station sends the short message on to the WLL terminal 810 
which is the target and which receives the message and then 
functions as described in connection with FIGS. 5 and 6. 
After the measurements the terminal forms a short message 
which it addresses to remote operation center ROC 88. In 

10 accordance with the normal short message protocol, the 
short message containing measurement results proceeds to 
short message service center 87, which passes it on to ROC 
88. 

The above is a presentation of a method for sending 
15 measurement messages by using short message service. 
Such an arrangement does not require any changes in the 
network or in the protocols used therein. The scope of 
protection of the claims also allows many other different 
ways of implementing the invention. Different manufactur- 
20 ers may also use other improved mechanisms for calling the 
functions in the terminal from a remote operation center. 
These mechanisms are data-transmission protocols devel- 
oped with SMS as a basis. One such is the Radio Local Net 
(RLN) transmission protocol developed by the applicant, 
which may be used for sending such calls through the 
transmission network which start desired functions in a 
remote terminal. 
We claim: 

1. A terminal in a radio system of a wireless subscriber 
connection, wherein subscriber terminal equipment is 

30 adapted to be connected with a connecting line to an adapter 
unit of the terminal, the terminal comprising 

a subscriber line interface circuit (SUC) for connecting 
the subscriber terminal equipment to the terminal, and 

35 means for generating an alternating voltage adapted to be 
connected in parallel with an input of the subscriber 
line interface circuit (SLIC) and the connecting line, 
wherein, in response to a message received by radio, 
desired tests are performed by connecting the altemat- 

40 ing voltage. 

2. Terminal as defined in claim 1, wherein the desired tests 
include at least one selected from the group consisting of 
tests concerning a condition of the terminal, tests concerning 
a condition of the connecting line, tests concerning a con- 

45 dition of the subscriber terminal equipment and tests con- 
cerning a condition of a battery. 

3. Terminal as defined in claim 1, further comprising 
means for forming a message containing the test results. 

4. Terminal as defined in claim 1, wherein the terminal 
comprises a table stored in a memory which contains 

50 function specifications, and wherein in response to the 
message starting the test functions the function means 
searches the table for the test function specification and 
performs test tasks according to the specification. 

5. Terrninal as defined in claim 1, wherein the subscriber 
55 terminal equipment is connected to the terminal by the 

connecting line. 

6. Terminal as defined in claim 1, further comprising a 
signal processor functionally connected to an output of the 
subscriber line interface circuit (SLIC) to perform calcula- 
te tion operations required in the tests. 

7. Terminal as defined in claim 1, wherein means for 
generating the alternating voltage is formed by an alternat- 
ing voltage signal available from a microprocessor. 

***** 
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